ASTRONIRCAM is a cryogenic-cooled slit spectrograph for the spectral range 1-2.5 mkm installed at the Nasmyth focus of the 2.5-meter telescope of the Caucasian observatory of The full transmission of the atmosphere-to-detector train ranges from 40 to 50% in the wide-band photometry mode. The ASTRONIRCAM sensitivity at the 2.5-m telescope is characterized by the limiting J=20, K=19 star magnitudes measured with the 10% precision and 15 minutes integration at the 1 arcsec atmospheric seeing conditions. The references to first results published on the base of ASTRONIRCAM observations are given.
INTRODUCTION ASTRONIRCAM (The ASTROnomical Near
InfraRed CAMera) is a camera-spectrograph for the 1.0 to 2.5 microns spectral range which was designed and manufactured by the Mauna Kea Infrared, LLC company 1 in a contract with years a number of test and scientific observational sets were conducted. This article describes the optical and mechanical instrument design, its detector and electronic read-out system. A number of laboratory and observational measurements of ASTRONIRCAM characteristics are outlined.
OPTO-MECHANICAL SYSTEM

General layout
ASTRONIRCAM is a cryogenic-cooled instrument 2 built according to the classical longslit IR spectrograph scheme and equipped with the large format array detector HAWAII-2RG 2048×2048 HgCdTe (λ < 2.6µm). The basic 2 With exception of the detector unit and a few other details, ASTRONIRCAM is a twin instrument of the TIRSPEC camera-spectrograph being in operation at the 2-m Himalayan Chandra Telescope (HCT), Hanle (Ladakh), India, see http://www.tifr.res.in/∼daa/tirspec/ .
components of the optical system are the threelens collimator, four-lens camera objective and three automated turrets which contain the spectral slits (and one field diaphragm), photometric filters and dispersers (represented by grisms).
The use of grisms which disperse light along the system optical axis instead of reflective diffraction gratings traditionally used in the infrared allowed to unite the camera and spectrograph in a single instrument without substantial optical system and design complication. Switching between photometry and spectroscopic modes and back is made by insertion of respective grisms and/or filters in the parallel beam.
In order to reduce the instrumental background from the intrinsic thermal radiation of optical and mechanical elements, the whole optical system is placed inside the vacuum cryostat and cooled down together with photometric filters and the detector to the working temperature Т≈77-80 K.
In Fig In Table 1 is measured along the optical beam entering the instrument.
Optical system
In Fig. 3 
Filters
For the purposed of wide band photometry ASTRONIRCAM is equipped with J, H, K and 
Grisms
The Table 3 Table 4 ).
These non-standard order-sorter filters are used due to the fact that 5-th and 6-th order spectra Table 4 shows the spectral ranges for different spectral observation modes.
Spectral slits. Spectral resolving power
The focal turret contains five long spectral slits with angular length of 275 ′′ and angular widths of 0. ′′ 9, 1. ′′ 3, 1. ′′ 8, 2. ′′ 7 and 7. ′′ 2 and five short slitlets with the angular length of 9 ′′ and same widths. Short slits are designed for the crossdispersed spectral mode.
The slit with the angular width 1. ′′ 3 matches well the atmospheric conditions at CMO in the near-IR range. At the wavelengths 1.25µm and 2.2µm the median seeing is 0. ′′ 8 and 0. ′′ 7, respec- tively. In such conditions, the 1. ′′ 3 slit lets more than 94% of the point source energy through at λ = 1.25µm and more than 97% of energy at λ = 2.2µm. The thinnest slit of 0. ′′ 9 may be efficiently used at the best seeing conditions while wider slits of 1. ′′ 8, 2. ′′ 7 and 7. ′′ 2 may appear helpful for low surface intensity extended objects or for spectrophotometry.
It is easy to show that for a slit instrumental profile the spectral resolving power of a grism spectrometer coupled to a telescope may be computed as follows (see, e.g. [5] ):
where n is the grism refractive index (≈ 2.4), d gr is the grism effective aperture (26.5 mm), D tel is the telescope aperture diameter (2500 mm), θ s is the slit angular size (projected onto the sky, in radians) and β is the grism wedge angle (21.
• 94). Calculated by this formula, the values of the spectral resolving power are following: For wider slits the diffraction and aberrations cause mainly some dithering of the slit edge images without significant increase of its effective width.
Spectral calibration unit
The illumination system of the spectral calibration unit contains an integrating sphere fed by two light sources the Argon lamp with an emission spectrum and the tungsten lamp as a continuous light source. An opal glass plate
The spectral slits accept illumination from the source via the two-lens condenser projecting the integrating sphere output port onto the focal plane with help of a gold coated diagonal mirror (see Fig.1 ).
Optical system transmission
Photometric mode
In Table 5 
Spectral mode
Typical grism transmission at the blaze wave- The detector-ascendants had this substrate serving as an optical window through which the array was exposed; this window absorbed a significant amount of light and caused interference pattern ("etaloning") in images.
In Fig. 4 the photo-diode schematics is shown which represents the Source Follower per Detector (SFD) approach or direct photo-electrons integration scheme [7] (the charges produced in the photo-diode are integrated directly on its intrinsic capacitance C det ).
Photo-diodes work with a certain biasing (in the diode mode) but without a permanent con- Table 6 summarizes the important parameters of our H2RG detector.
CONTROLLER OF DETECTOR
Detector is operated by the ARC Gen III con- The Table 7 summarizes the values of the electronic system amplification and conversion coefficients discussed above. 
Temporal sampling
In order to obtain the representative statistics we performed 50 cycles of the detector illumination of equal duration. In each cycle, the array was read-out by the Ramp-method with 14
NDR frames (see section 3), each frame having its own level of integrated signal. The persistence Meanwhile, this average gain in the 2-nd and 3-rd channels GAIN avg (2,3) = 2.18 e/ADU is close to the numbers obtained with another sampling method described below.
Spatial sampling
To implement the spatial sampling we used the same 50 Ramp-frames as in the temporal sampling. From this data set we composed dif- 
NON-LINEARITY
The GAIN values obtained above refer to the limited range of integrated counts (5000-17000 ADU). We deliberately made this restriction keeping in mind the relation of GAIN on the detector signal level. In Fig. 7 the dependence of the accumulated signal count on the exposure duration is presented (averaged over many experimental series) taken at constant illumination level. Thus we expect the photo-charges generation rate also constant so this curve is a manifestation of non-linearity of the photo-charges to digits conversion in the whole range of signal levels (covering some 58000 ADU). The flat part of the graph at high signals corresponds to saturation of the ADC happening when the photodiodes are approaching their complete discharge (see section 3).
Earlier above it was shown (Fig. 5) that the amplification and digitization electronic system is highly linear. Thus we come to conclusion that the GAIN non-linearity is due to purely the non- In order to determine the dependence of the GAIN coefficient on the signal level using the data given in Fig.7 we made a variable change in a given point. We scaled the photo-charges axis in such a way that at the signal 10500 ADU the GAIN equals exactly 2.18 e/ADU which is the value derived for the 5000-17000 ADU signal range. This way we derive the GAIN versus signal graph shown in Fig. 9 together with its cumulative (integral) representation.
In practice, the non-linearity correction of the detector employs the polynomials of various degree (from 3 [12] to 9 [13] ). The correction is performed with a relation determined for each channel, row-wise or pixel-wise. In our work we use the pixel-wise correction by 4-th order polynomials. 
∆(H − K) = 0.996∆(h − k)
where J, H and K are star magnitudes in MKO while j, h and k are those in the instrumental system.
CONCLUSIONS
The laboratory experiments performed to determine the working characteristics of ASTRON-IRCAM and some results of trial observations demonstrated that being operated with the SAI 2.5-meter telescope this instrument holds a valuable scientific potential and may effectively be used for educational programs as well as for fundamental scientific research of different type astronomical objects.
Due to limited volume of this article we deliberately omitted some important instrumental characteristics like the detector persistence, the BIAS frames stability, optical and electrical "ghosts" (due to so called "cross-talk" between cells or channels) and some others which affect the data photometric precision. Spectroscopic characteristics were also only outlined. We continue to explore these issues and will summarize the results in coming papers. 
